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a  b  s  t  r  a  c  t
Introduction:  Endoscopic  clavicular  resection  is a common  procedure,  but  few  studies  have  analyzed
predictive  factors  for outcome.
Hypotheses:  1)  Computed  tomography  (CT) of  clavicular  resection  is reproductible;  2) Functional  outcome
correlates  with  resection  length;  3) Other  factors  also  inﬂuence  outcome.
Material  and methods:  Patients  operated  on  between  2005  and  2010  were  called  back  to establish
functional scores  (Constant,  Simple  Shoulder  Test  [SST],  satisfaction)  and  undergo  low-dose  bilateral
comparative  computed  tomography  (CT)  centered  on  the  acromioclavicular  joints.  The assessment  crite-
ria were  resection  edge  parallelism  and  resection  length,  measured  using  OsiriX® software.  Radiological
and  clinical  data  were  correlated.
Results:  18  out of  21  patients  (85%:  3 female,  15  male)  were  assessed.  Mean  age  at  surgery  was  49
years  (range,  40–62  yrs);  mean  follow-up  was 4.2 years  (1.6–7.2  yrs).  Mean  Constant  score  rose  from
57.7  (25–85)  to 70.2  (30–96);  mean  postoperative  SST  was  9.3  (3–12).  11 patients  had  very  good  and  4
poor  results.  CT resection  length  was reproducible,  with  intraclass,  intra-  and interobserver  correlation
coefﬁcients  >95%. There  was  no  signiﬁcant  correlation  between  articular  resection  length  on  CT  and
functional  scores  (P =  0.2).  Functional  scores  were  negatively  inﬂuenced  by an  occupational  pathologic
context  (P  < 0.01)  and  by  associated  tendinopathy.
Discussion  and  conclusion:  Low-dose  CT enabled  reproducible  analysis  of  clavicular  resection.  The  hypoth-
esized correlation  between  resection  length  and  functional  result  was  not  conﬁrmed.  Work  accidents  and
occupational  disease  emerged  as risk factors.
Level of evidence:  Single-center  retrospective  analytic  cohort  study.  Level  4, guideline grade  C.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
The reference surgical treatment for acromioclavicular
rthropathy, whether primary or secondary, is resection of
he lateral extremity of the clavicle. This procedure was ﬁrst
escribed by E.B. Mumford [1] and F.B. Gurd [2] in 1941. Open
urgery has been overtaken by an entirely arthroscopic procedure
ince E.L. Flatow’s ﬁrst report in 1992 [3]. Although the technique
s now widespread, there is no consensus as to resection length,
hich no studies have reliably and reproducibly assessed.
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.The objectives of the present radiological and clinical study
were:
• to develop and assess the reproducibility of a resection length
measurement method using low-dose CT;
• to assess the correlation between functional result and the length
of bone resection;
• to identify other functional prognostic factors.
2. Material and methods
A single-center retrospective cohort study included patients
operated on between January 2005 and December 2010. Inclu-
sion criteria were clavicular resection, either isolated or associated
to acromioplasty, positive inﬁltration response, and signiﬁcant
scintigraphic ﬁxation as compared to the contralateral side

























pFig. 1. A. Radiograph of acromioclavicular arthropathy. B
Fig. 1A and B). Rotator cuff suture associated in the same surgi-
al step was an exclusion criterion. The endoscopic resection was
ystematically performed through an anterior subclavicular portal
nder posterior visualization, without postoperative immobiliza-
ion.
At follow-up, clinical examination was performed by a single
nvestigator and comprised Constant score [4], Simple Shoulder
est (SST) [5], C-test and satisfaction rating. The C-test measures
he thoracohumeral angle under active elevation of the elbow
ith the hand on the contralateral shoulder. In the same session,
omparative bilateral low-dose CT was performed centered on
he acromioclavicular joints. The assessment criteria were mean
esection length, bone resection edge parallelism, and secondary
ssiﬁcation; resection was considered symmetrical if edges were
arallel on both axial and coronal reconstruction (Fig. 2). Mean
esection length was calculated from the distances between the
nterior and posterior (transverse axial incidence) and the superior
nd inferior (coronal reconstruction) edges of the two acromioclav-
cular joints, by subtracting the mean of the 4 measurements on the
ealthy side from that on the operated side. Measurement used
siriX® software. Reproducibility was assessed by CT scan analy-
is by 3 observers (1 senior and 1 junior orthopedic surgeon and 1
ig. 2. Acromioclavicular distance measurement technique on transverse axial inciden
alculated by subtracting the mean of the 4 healthy side values from that of the operat
lanes.ﬁcant scintigraphic ﬁxation on right versus healthy side.
junior radiologist), performed twice by each observer at a 10-day
interval.
Statistical analysis used SPSS Statistics 20® software. Means
were compared by Mann-Whitney test and reproducibility by intr-
aclass correlation coefﬁcient (ICC). The signiﬁcance threshold was
set at 5%.
3. Results
Three of the 21 patients meeting the inclusion criteria were lost
to follow-up. Thus, 18 patients (3 females, 15 males; mean age, 49
years (range, 40–62 yrs) were assessed at a mean 4.2 years’ (1.6–7.2
yrs) follow-up. Surgery was to the dominant side in 76% of cases;
acromioplasty was  associated in 90%. The presenting pathology was
primary degenerative arthropathy in 10 cases and post-traumatic
arthropathy in 8. In 7 cases, the context concerned occupational dis-
ease or a work accident. There were no postoperative complications
(infection, hematoma).Mean Constant score rose from 57.7 (range, 25–85) preopera-
tively to 70.2 (30–96) at follow-up, with 11 good (>75) (61%) and
7 moderate or poor (≤75) (39%) results (P < 0.01). At follow-up, 4
patients showed clinical signs of tendinopathy (dominant brachial
ce (right) and coronal reconstruction (left). Mean clavicular resection (mm) was
ed side. Resection was  considered symmetrical when edges were parallel in both























oFig. 3. Mean Constant score according to occupational context.
ain), but there was no acromioclavicular instability. Mean postop-
rative C-test was 117◦ (45–150◦), mean Constant force score 7 kg
1.5–16 kg) and mean SST 9.2 points (3–12). Four patients (22%)
ere not satisﬁed with their operation and would not recommend
t. Mean Constant score associated with an occupational context
as signiﬁcantly lower than in the other cases (P < 0.01) (Fig. 3).
Analysis of clavicular resection length found excellent inter-
nd intra-observer reproducibility, with mean ICCs of 99% and
8.7% respectively. Mean resection length was  5.5 mm (range,
.9–17.8 mm)  (Fig. 4): 6.6 mm in “good” results and 4 mm in “mod-
rate or poor” results, although this difference was not signiﬁcant
n comparison of means (P = 0.2). Resection length according to
onstant score showed scatter with no obvious correlation (Fig. 5).
one resection edges were judged parallel and symmetrical in
1 cases, with perfect interobserver agreement; in symmetrical
esection, there were 5 good and 6 poor results, and in asymmetric
esection 6 good and 1 poor result, without signiﬁcant interob-
erver discordance (P = 0.4). There was secondary ossiﬁcation in 5
ases (27.8%), including 3 with good associated functional results.
Table 1 presents the main radiological and clinical data.
. Discussion
In clavicular resection, arthroscopy has now replaced open
urgery, with many studies demonstrating beneﬁt in terms of
ecovery time and complications rate for similar results [6–12].
he arthroscopic approach also allows diagnosis and treatment
f other subacromial or joint pathologies in the same step; many
Fig. 4. Axial CT slices of the shortest (leFig. 5. Resection length according to Constant score.
studies have reported concomitant subacromial impingement in
acromioclavicular arthropathy [13–16]. Almost all patients (90%)
in the present series underwent 1-step associated acromioplasty.
The study showed bilateral CT to be a simple, reliable and repro-
ducible means of assessing the length of the clavicular resection, a
procedure which improved function in most patients.
In the literature, all previous reports measured resection length
from plain radiographs, sometimes with the help of dedicated mea-
surement protocols [9,16]. The acromioclavicular joint, however, is
structured in 3 dimensions, continuing the sinuosity of the clavicle
and varying in orientation from subject to subject; 2D imaging does
not allow precise measurement of acromioclavicular distance. Plain
radiographs also entail a possible scale bias affecting reproducibil-
ity. The present study describes a CT protocol which proved highly
reproducible, being simple and feasible for investigators not spe-
cialized in radiology. The main drawback of CT is irradiation, but
the present protocol involved a lower dose than a standard lung
X-ray.
Failure in clavicular resection is, depending on the author,
attributed either to an insufﬁciently long bone cut [17–19] or,
as W.N. Levine showed [14], to irregularity in the resection sur-
face or acromioclavicular ligament tear. The original promoters
of the technique recommended a minimum 15 mm resection
[3,17], which proved excessive. T.P. Branch [20], in a biomechan-
ical study of the effects of clavicular resection, demonstrated
that a 5 mm resection was  enough to prevent any bone contact.
Conversely, resection exceeding 15 mm is liable to cause lesions
in the acromioclavicular and coracoclavicular ligamentous com-
plexes, destabilizing the acromioclavicular joint and impairing
functional results. Many anatomic studies have focused on liga-
mentous insertion distances and the impact of resection on joint
ft) and longest (right) resections.
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Table  1
Clinical and radiological results in the series of 18 patients at a mean 4.2 years’ follow-up.
Patients Final Constant score C-test (degrees) Resection length (mm)  Edge parallelism/ossiﬁcation
1a 30 75 3.1 Yes/yes
2a 38 65 2.5 No/no
3a 33 45 2.1 Yes/no
4  39 80 1.7 Yes/no
5a 44 110 5.1 Yes/no
6  46 90 6.2 Yes/no
7a 70 100 7.2 Yes/yes
8a 81 150 8.2 Yes/no
9a 82 150 5 No/no
10  83 130 0.9 No/no
11  92 120 7 Yes/no
12  96 150 17.9 Yes/yes
13  92 140 4.3 No/yes
14  95 150 8.5 Yes/no
15  93 140 6.6 No/yes
16  92 150 3.1 Yes/no
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a Context of occupational disease or work accident.
tability [10,21–25], and several cases of acromioclavicular insta-
ility have been reported following long resection [15,26,27]. In
he present study, no instability was found, even with the longest
esection (17.8 mm).  In contradiction with the working hypothe-
is, functional results correlated neither with bone section surface
arallelism nor with mean resection length. In a 9-year follow-up
f 73 patients, A. Eskola et al. [27] reported a correlation between
lavicular resection length and functional outcome, with poorer
esults associated with resection exceeding 10 mm (P < 0.03), and
herefore recommended a resection length less than this threshold.
he present study failed to ﬁnd any such correlation: there was
o signiﬁcant difference between the good results group (mean
esection length, 6.6 mm)  and the moderate-to-poor results group
mean resection length, 4 mm)  (P = 0.2). Small numbers and the
ack of preoperative CT may  account for this failure to demonstrate
igniﬁcance.
Secondary ossiﬁcation is frequently reported, with rates around
0% but without impact on clinical outcome [11,16,28]. Ossiﬁ-
ation was found in 5 cases in the present series, including 2
symptomatic patients. Certain authors recommend prophylactic
nti-inﬂammatory treatment (Indocid®) in at-risk patients [29].
Overall, results in the present series, with 61% very good results
nd 77% satisfaction, were less good than in the literature as a
hole. E.S. Flatow [3] and S. Snyder [11] reported more than 90%
ood or excellent results. One explanation could lie in the 57% of
isappointed patients showing tendinopathy at follow-up. Primary
r secondary tendinopathy is a factor for poor outcome in this pro-
edure. Finally, comparison between patients with and without a
ontext of occupational disease or work accident found a signiﬁ-
antly lower mean Constant score in the former (54 versus 82.4;
 < 0.01). This ﬁnding is not unprecedented and was  highlighted by
.  Pensak in a meta-analysis of arthroscopic and open resection
8,17,30,31].
. Conclusion
The present study demonstrated that bilateral CT is a simple,
eliable and reproducible means of assessing clavicular resection
ength.
However, due perhaps to lack of power, no correlation could
e shown between clavicular resection length and functional out-
ome. Even so, in line with the literature, we do not recommend
esection exceeding 10 mm [20,32–36]; 5 mm resection is not a
actor for functional failure.
[
[3 No/no
The main factors with negative impact on functional results
are concomitant clinical tendinopathy and an unfavorable occu-
pational context to the pathology.
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